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Abstract 
The heat flux into liquid helium bath is evaluated for HTS current leads (CL) without intermediate heat removal 
intercepts in comparison with conventional CL for two extreme cases: no gas cooling and perfect cooling with 
evaporated gas. It is shown that in the first case the gain is very low (about 5%) while the gain reaches several tens of 
percents for perfect gas cooling both for hybrid CL made of copper or brass. Quite similar to usual CL the hybrid CL 
made of brass are much less sensitive to overloading compared to copper CL. In the optimum case, the considered 
hybrid CL are about 15 % thicker than usual CL. The design simplicity of HTS CL without heat intercepts makes 
them attractive especially for high voltage applications and laboratory scale superconducting magnets. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Horst Rogalla and 
Peter Kes. 
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1. Introduction 
Current leads (CL) are important components of almost all superconducting (SC) devices [1] – [3]. 
They must provide for a minimum heat flux to the cold area in all operating modes (say, at the nominal 
current and during standby) as well as to withstand maximum expected voltages. 
Hybrid (HTS+normal) CL are widely used to minimize the heat flux to the liquid helium (LHe) 
temperature zone. Typically any hybrid CL consists of two parts: normal and HTS with a heat removal 
station (intercept) between them. The heat removal temperatures are usually in the range 78 K (liquid N2)
– 50 K (gaseous He). Hybrid CL usually have three terminals: warm (300 K), cold (4.2 K) and 
intermediate (50-78 K). Therefore, they are inherently more complicated and in at least two aspects less 
* Corresponding author. 
E-mail address: vromanovskii@netscape.net. 
Available online at www.sciencedirect.com
© 2012 Published by Elsevier B.V. Selection and/or peer-review under responsibility of the Guest Editors.
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
1186   Victor E. Keilin et al. /  Physics Procedia  36 ( 2012 )  1185 – 1188 
reliable compared to conventional CL. First, as the upper value of the HTS part resistance is not limited 
by normal operation considerations: there is a natural tendency to make them as “thin” as possible. 
Therefore, they can burn out in the case of a normal transition (say, in the case of coolant loss). Second, 
three terminals (instead of two) are evidently highly undesirable in the case of high voltage CL. The 
feasibility to make cold part of CL superconductive for LTS case was evaluated earlier in [4] (the authors 
used the term “combined CL”). Here, we undertook a numerical investigation of a thermal efficiency of 
two-terminal hybrid CL with normal-to-SC transition point that can “travel” along the CL depending on 
the current value and coolant flow rate. 
2. Model 
Let us consider a CL, which have a constant cross-section S and length L. Along the SC length xs
(0<xs<L) the cross-section comprises two sub-sections: HTS and normal (the current sharing length is 
neglected). The sub-sections are in a good electrical and thermal contact. Assume that the SC properties 
are described with the critical temperature at zero field Tc and the cold end current margin J=Ic/Iopt > 1 that 
is the ratio of the critical current at bath temperature T0 and zero field to the optimum current. The case 
J=0 corresponds to the absence of SC part. The dependence Ic versus temperature T is taken linear. So, the 
transition temperature is equal to Tci= Tc – (Tc - T0)/J. It is also supposed that thermal properties of SC part 
are fully determined by the normal sub-section.  
For a numerical analysis of the hybrid CL, the following equation 
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was used [4] with the conditions T(0)=T0, T(L)=TL at the cold and warm ends of CL, respectively.  The 
conditions
0 0 0 0, / /s s s sx x x x ci x x x xT T T dT dx dT dx          that describe continuity of temperature 
and heat flux at the transition point xs are taken into account. The parameters used are as follows: m is the 
cooling gas mass flow rate due to cold-end heat flux 
0( ) / xQ Sk T dT dx mr    (so-called “self-gas”); 
r is the coolant latent heat of vaporization; cp is the specific heat of gaseous coolant taken at normal 
pressure; E is the cooling factor that describes the heat removal efficiency to the gaseous coolant:E=0 for 
no cooling conditions,E=1 for perfect cooling condition  [4]; k and U are the thermal conductivity and the 
electrical resistivity of CL, respectively. We assume that their values satisfy the Wiedemann – Franz law, 
i.e. 8( ) ( ) 2.45 10k T T TU  u . Calculations were made for the helium cooled CL made of copper and brass. 
The following values were used r=20.6 Jg-1, cp=5.22 Jg
-1K-1, T0=4.2 K, TL=300 K, Tc=90 K. The electrical 
resistivity was taken as  
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for copper (RRR=52) [6]. 
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3. Results and discussion 
In Fig. 1, the dependence of normalized SC length xs/L on the normalized operating current I/Iopt is 
shown for CL made of copper or brass in both extreme cooling conditions at cold end current margin 
J=10. Fig. 2 shows the ratio of the heat flux Qs at the cold end for HTS CL to that Q for usual CL versus 
I/Iopt at J=10 (brass and copper CL, perfect and no cooling cases). In Fig. 3, the same ratio for I/Iopt=1 is 
shown versus cold end current margin J. The normalized length (xs/L)opt versus J is also shown for I/Iopt=1
in the Fig. 3. Fig.4 shows the dependencies of the normalized geometrical factor g=S/L and normalized 
optimum voltage drops Uhybrid/U on the cold end current margin J in the case of ideal cooling. 
The comparison of the presented results shows that the maximum gain in cold end fluxes that can be 
obtained with the considered type of hybrid CL is more than 35 % at a reasonable value J=10 and ideal 
cooling both for copper and brass CL (Fig. 2). For no cooling case, the gain is less than 5 %. It is 
interesting to note that the gain is practically the same for copper and brass in spite of the fact that the 
HTS lengths for cooper are much longer than for brass. Namely, the latter are up to more than 80 % for 
copper and up to 30 % for brass at J=10 (see Figs. 1 and 3). The results shown in Fig. 2 depict that the CL 
under consideration are less sensitive to overloading (I>Iopt) compared to copper ones as it was shown for 
usual CL in [7] and [8]. For I/Iopt=1.25 maximum temperature is very high and leads to the overburning of 
CL. Fig. 3 shows that the large values of cold end current margin (J >10) are not feasible as the 
considerable increase of the critical current (i.e., the quantity of HTS) is not accompanied with a 
substantial decrease of Qs/Q. Figs. 1-3 also show that while the (Qs/Q)opt values as a function of J are 
practically the same for copper and brass the superconducting lengths for copper are much longer than for 
brass (for copper up to almost 75 % compared to about 20 % for brass). Therefore, the brass CL can be 
shunted with HTS along shorter lengths with corresponding gain in the necessary amount of 
superconductor. 
Normalized geometrical factors given in Fig. 4 show that optimum hybrid CL should be made 
somewhat thicker than usual CL with corresponding decrease in the optimum voltage drop. It is 
worthwhile to note that Uhybrid/U versus J curves in Fig. 4 are practically indistinguishable. The decrease 
of the latter and the necessary changes in the optimum geometry depend on the cold end current margin J.
Fig. 1. Normalized SC length vs normalized operating current.        Fig. 2. Normalized cold end heat fluxes for hybrid CL vs I/Iopt.
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Fig. 3. Normalized cold end heat fluxes and SC length                           Fig.4. Optimum normalized values of geometries factor 
               vs cold end current margin.                                                                  and voltage drops vs cold end current margin. 
4. Conclusion 
The main features of hybrid (HTS+normal) CL with travelling transition point (i.e. without heat 
intercept stations) are numerically evaluated. Such CL consist of HTS and normal parts electrically and 
thermally connected along their length. In the case of perfect cooling with evaporated LHe, the gain can 
reach more than 35 %. The critical properties of HTS part are described with a cold end current margin 
(ratio of the critical current at the cold end temperature and zero field to the optimum operating current J
=Ic/Iopt). It is shown that its feasible value is around 10. One of the important preferences of the 
considered hybrid CL compared to those with heat removal stations is that the burn out of their HTS parts 
is practically impossible as their cross-section is constant along all their length. It is also evident that 
hybrid CL made of brass compared to those made of copper have some other advantages analyzing in [8], 
namely, considerably higher overloading capability and overheating time and an ample possibility to 
increase the heat transfer area. Though considered CL are less efficient than usual HTS CL with heat 
removal stations, their inherent simplicity can make them attractive, for example, for very high voltage 
applications and laboratory scale SC magnets. 
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